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Recent studies have attempted to predict the severity of regur-
gitant lesions from jet size on Doppler flow maps. Jet size is a 
function of both regurgitant volume and fluid entrained from the 
receiving chamber and, for a free jet, is a function of its 
momentum at the orifice. However, regurgitant jets often ap-
proach or attach to cardiac walls, potentially altering their 
momentum and ability to expand by entrainment. Therefore, this 
study addressed the hypothesis that adjacent walls inftuence 
regurgitant jet size as seen on Doppler flow maps. 
Steady flow was driven through circular orifices (0.02 to 
0.05 cm2) at physiologic velocities of 2 to 5 mls. At a constant flow 
rate and orifice velocity, orifice position was varied to produce 
three jet geometries: free jets, jets adjacent to a horizontal 
chamber wall lying 1 cm below the orifice and wall jets with the 
orifice at the level of the wall. Doppler color flow imaging was 
performed at identical instrument settings for all jets. Two 
long-axis views of the jet were obtained: a vertical view perpen-
dicular to the wall, resembling that most commonly used in 
patients to image the length of the jet, and a horizontal view 
parallel to the chamber wall. Velocities along the jet were also 
measured by Doppler mapping. 
The noninvasive assessment of the severity of valvular 
regurgitation has been a long-standing clinical goal. Routine 
pulsed Doppler studies (1-3) have been limited primarily to 
semiquantitative measures of jet length. Recent work (3-7) 
has attempted to predict the severity of regurgitation from jet 
size on Doppler flow maps. Although variability has been 
reported in the relation between color Doppler jet area and 
other measures of the regurgitant lesion (7-13), this ap-
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Jets with their orifices adjacent to the wall but not at its level 
were deflected toward the wall proximally (the Coanda effect), 
increasing jet area in the vertical plane by 8 ± 4% compared with 
corresponding free jets (p < 0.001), with no change in area in the 
horizontal plane. Wall jets with their orifices at the level of the 
wall were 34 ± 5 % smaller in area than free jets in the vertical 
plane (p < 0.0005) and 13 ± 6% larger in area in the horizontal 
plane (p < 0.005). Distal velocities in jets encountering walls were 
higher than those of free jets (p < 0.0002). 
Therefore, in the views perpendicular to walls (vertical views) 
most commonly used in vivo for imaging jets near cardiac 
structures, a jet lying along the wall will appear smaller than a 
free jet produced by the same regurgitant flow. The wall jet can 
entrain fluid and expand only on one side and it spreads laterally 
over the surface to a greater extent than usual. The area of a 
deflected jet is slightly increased by the Coanda effect, which 
draws the proximal jet toward the wall. Therefore, jet size cannot 
be related to the degree of regurgitation without considering jet 
geometry and adjacent walls. 
(J Am Coll CardioI1991;17:1094-102) 
proach has been correlated with the semiquantitative angio-
graphic grade (3-7,14) and is widely used clinically to 
provide an estimate of regurgitant lesions as mild (15), 
moderate or severe. This approach, however, presumes that 
such jets expand beyond the orifice in a constant manner for 
a given regurgitant flow rate or volume. 
The turbulent jets typically encountered within the heart 
(16,17) expand primarily by entrainment of adjacent fluid 
from the receiving chamber to an extent determined by the 
pressure driving flow through the orifice (18) (Fig. 1). Based 
on this concept, it is reasonable to propose that adjacent 
cardiac walls might limit the ability of jets to entrain sur-
rounding fluid and expand. This is also suggested by clinical 
observations: relatively free central jets expand symmetri-
cally to form a teardrop shape, whereas eccentric jets can 
appear as relatively thin layers along cardiac walls. Simi-
larly, it has long been known in fluid mechanics that jets are 
deflected toward adjacent walls by the forces responsible for 
entrainment (the Coanda effect) (18-20). How this affects jet 
size, however, has not been specifically studied because, in 
general, jet size has not been the measured quantity of 
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Figure 1. Jet growth by entrainment and its potential alteration by 
adjacent walls. Upper panel, Flow emerges from a regurgitant orifice 
on the left. Turbulent shear stresses caused by the interaction of 
moving and stagnant fluid result in entrainment of fluid into the jet, 
which occurs in a radial direction and does not alter axial momen-
tum (parallel to the direction of flow). Lower panel, Because no 
entrainment of fluid can occur on one side of a jet with its orifice at 
a wall, the growth of the jet as it propagates into the chamber is 
potentially altered. 
interest nor has it been examined in the context of Doppler 
flow mapping. It is important to study, however, because of 
its implications for noninvasive cardiac diagnosis. 
Therefore, we addressed the hypothesis that solid bound-
aries in the vicinity of a regurgitant jet influence jet size as 
seen by Doppler flow mapping. The study was designed as 
an initial in vitro test of this hypothesis, appropriate to its 
fundamentally fluid mechanical nature. The purpose was to 
examine the effect of adjacent walls onjet size as the relation 
between the orifice and wall is systematically varied. 
Methods 
The model. An in vitro model was constructed in which 
turbulent jets resembling regurgitant lesions could be cre-
ated. Steady flow was provided by a rotameter pump 
through circular orifices. With flow rate and driving pressure 
held fixed, a horizontal wall at the bottom of the chamber 
could be positioned to vary the relation of the jet to that wall 
(Fig. 2A). Three jet geometries were created: 1) a free jet 
(orifice 6 cm above the wall for the flows used); 2) ajet lying 
adjacent to the wall, which was positioned to cause the jet to 
be deflected toward it (a deflected jet); and 3) a wall jet with 
the orifice at the level of the wall but not obstructed by it. 
These geometries were created by adding lucite plates to the 
bottom of the chamber until deflection of the proximal jet 
toward the wall was observed by Doppler signals; this 
occurred with the surface of the plates approximately 1 cm 
below the orifice for the flow rates used. Inserting an 
additional plate produced a wall jet. The orifice lay 16 cm 
below the fluid surface and 12 cm from the side and far walls. 
The chamber was deliberately designed to observe jet inter-
CAPE ET AL. 
SOLID BOUNDARIES ALTER REGURGITANT JET SIZE 
~ -' ORIFICE ~----------------) 
-- ... _--- ---------.". ... ; 
WALL 
















Figure 2. Flow model. A, Varying relations between orifice and 
chamber wall used to create different jet geometries (see text). B, 
Schematic of long-axis imaging views defined relative to the hori-
zontal chamber wall below the orifice. 
actions with an adjacent wall parallel to flow without the 
confounding effects of jet impingement on a straight or 
curved wall interposed into the axial direction of flow. 
Protocol. Two circular orifices 0.02 to 0.05 cm2 in area 
were used with flow rates of 2.9 to 16.7 mlls, giving peak 
velocities of 2 to 5 m/s (physiologic for many left- and 
right-sided lesions). Normal saline solution was used be-
cause the flow field is effectively independent of viscosity in 
the turbulent domain studied (Reynolds numbers = 3,550 to 
12,750) (18,21,22), where turbulence was confirmed by 
Doppler velocity fluctuations. (The behavior of turbulent 
wall jets, for example, is similar for air and liquid jets 
[19,23,24].) Acoustic reflectors were provided by 1% to 2% 
cornstarch particles. For each combination of orifice size 
and flow rate, the three jet geometries already described 
were produced. Resultant jets (n = 21) were imaged with a 
Toshiba Sonolayer SSH-65A phased array scanner with a 
3.75 MHz transducer and a pulse repetition frequency of 
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4 kHz chosen to optimize imaged jet size (8). Doppler color 
flow imaging was performed at identical instrument settings 
(depth, gain, wall filter, sector size, frame rate and process-
ing) for all jets to avoid variation in jet size with changes in 
these settings (8-12). Two long-axis views of the jet were 
obtained (Fig. 2B): a vertical view perpendicular to the 
chamber wall and a horizontal view parallel to the wall. 
(Quantifiable short-axis images could not be reliably ob-
tained because of the perpendicular angle of the Doppler 
beam to flow in that orientation.) 
Measurements and calculations. Jet area was planime-
tered andjet length measured using software available on the 
imaging unit. Ten measurements were taken for each view to 
average out turbulent fluctuations. For each combination of 
orifice size and flow rate, the ratio of wall jet to free jet area 
was calculated for each view. The ratios of deflected jet to 
free jet area were also calculated. 
Flow velocities. Axial velocities at the orifice and along 
the jet were measured by continuous and pulsed wave 
Doppler ultrasound with the 2 MHz transducer of a Vingmed 
SD-l00 dedicated Doppler system, as guided by the strong-
est and highest velocity acoustic signal and by jet geometry 
as visualized by Doppler color imaging (see Results). Be-
cause the proximal portion of the deflected jets moved 
slightly toward the wall, the transducer was moved radially 
to record the maximal axial velocity at each sample volume 
depth along the distance axis. Ten measurements were taken 
for each depth to average out turbulent fluctuations. 
Figure 3 (top). Comparison ofthe free jet (left) with the deflected jet 
(right) in the vertical (upper) and horizontal (lower) views with flow 
coming toward the transducer. The wall position has been overlaid 
on the video image as a solid vertical line. The free jet has roughly 
equal areas in the two views. On the upper right, the proximal jet is 
deflected from the orifice (small black line in the chamber wall 
farthest from the transducer) toward the wall, causing a broader 
proximal jet. Areas in the horizontal views (lower panels) are similar 
for the two jets. (Note that the area without color in the middle of 
the jet images is an artifact of the tissue priority algorithm for color 
flow display, which sensed a reverberatory signal in that location 
and did not display color. These areas, however, were part of the 
jet, as confirmed by translating the transducer away from the jet axis 
and imaging those portions. Black and white gains were reduced to 
minimize the effect of the tissue priority algorithm on jet size; gains 
were adjusted, however, to visualize the wall containing the orifice 
to verify that the image approached that wall and therefore con-
tained the long axis of the jet.) 
Figure 4 (bottom). Comparison of the free jet (left) with the wall jet 
(right), showing a decreased area in the vertical (upper) view and an 
increased lateral spread in the horizontal (lower) view. (There 
appears to be a small gap between the distal jet and the wall in the 
vertical view; this is caused by the color sector cutting off the jet. To 
include this region of the jet in the planimetry, the transducer was 
translated laterally to image that region, the outline of which was 
superimposed as a clear plastic overlay on the image with the jet 
optimally viewed along the beam axis.) 
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Figure 5. Comparison of the measured jet area for the three types of 
jet. 
Observer variability. Two independent observers re-
peated 10 measurements of jet area, length and velocity. The 
measurements of the two observers were subtracted and the 
standard deviation of the differences used to express inter-
observer variability. Similarly, one observer repeated the 
measurements to determine intraobserver variability. 
Statistical analysis. The areas and velocities of the de-
flected and wall jets were compared with those of the 
corresponding (paired) free jets by analysis of variance, and 
significant differences were explored by two-way compari-
sons (RSI analysis package, Bolt Beranek and Newman). 
Results 
Jet areas. The results for a representative flow rate are 
shown in Figures 3 and 4 and are summarized for all jets in 
Figure 5. 1) Free jets (Fig. 3, left panels) had equal areas in 
the two perpendicular views (upper and lower panels; p > 
0.3; mean difference 0 ± 1%; mean 20.5 cm2). 2) Jets 
emerging adjacent to the wall were deflected toward it 
proximally, illustrating the Coanda effect (Fig. 3, upper 
right). In the vertical view, instead of spreading out like free 
jets as a narrow sector beyond the orifice, these jets ap-
peared broader, with flow entering the region between the 
orifice and the wall to which the jet attached after a short 
distance. This effect produced jet areas in the vertical plane 
that were an average of 8 ± 4% larger than those of free jets 
with the same flow rate (p < 0.001). The area of these 
deflected jets, however, was unchanged in the horizontal 
plane (Fig. 3, lower right; 0 ± 2% different from free jets, 
p > 0.9). 
3) Wall jets, in contrast, traveled along the wall as a 
relatively thin layer of flow (Fig. 4, upper right). These jets 
were 34 ± 5% smaller in area than corresponding free jets in 
the vertical view (p < 0.0005). They spread out laterally to a 
greater extent along the surface in the horizontal view (Fig. 
4, lower right), achieving areas that were 18 ± 13% greater 
than those of corresponding free jets (p < 0.005). The 
decrease in area in the vertical view, however, was not fully 
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view; the product of these two areas was still 22 ± 8% 
smaller for the wall jets compared with the corresponding 
free jets (p < 0.01). The changes described were consistently 
seen in all jets studied. With regard to the largest change 
noted, the decrease in wall jet area compared with free jets 
in the vertical view did not vary significantly with orifice flow 
rate, velocity or momentum (p > 0.10 by linear regression). 
The only significant variation noted was that the increase in 
wall jet area compared with free jets in the horizontal view 
decreased with increasing flow rate (p < 0.03, r :::: 0.81). 
Area variability. The average frame to frame variability 
of 10 repeated measurements of jet areas was 3.7% of the 
mean value (reflecting potential contributions of turbulent 
fluctuation, the imaging system and the measurement pro-
cess). Interobserver variability for jet area was 4.2% of the 
mean and intraobserver variability was 3.7% of the mean. 
Therefore, the differences described, particularly for wall jet 
versus free jet areas, exceeded these variabilities. (Observer 
variability for jet length was 1 % of the mean value, with jet 
lengths being virtually identical in alljets and limited primar-
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Figure 6. A, Axial velocity versus distance from the orifice for a 
representative orifice size and flow rate. Maximal velocity at each 
distance is plotted (generally referred to as centerline velocity). 
(Note that the calculated effective orifice area for the orifice flow 
rate and velocity shown is 0.033 cm2, consistent with the anatomic 
orifice area of 0.05 cm2 and a typical coefficient of orifice contrac-
tion of 0.66 [18].) B and C, Data pooled by using nondimension-
alized velocity and distance scales (um/uo = downstream center-
line axial velocity/orifice velocity; xlDo = axial distance from the 
origin/the orifice diameter). Smoothed curves are plotted for mean 
values (solid curves) ± 1 SD (dashed curves). 
Velocities. The centerline velocity decay of maximal ve-
locities at each axial distance is shown in Figure 6A for a 
single flow rate and orifice size combination. To compare 
jets of different orifice velocities and diameters, data were 
plotted using nondimensionalized velocity and distance 
scales (velocity normalized by orifice velocity and axial 
distance normalized by orifice diameter) (Fig. 6B and C) 
(18,24). The free jets displayed the expected pattern, with 
velocity remaining high near the orifice (laminar core in 
steady flow) and then decaying inversely with increasing 
distance from the orifice. Wall jet velocities were slightly but 
consistently higher than those of the free jet beyond the 
laminar core (p < 0.0002). The ratio of wall to free jet 
velocities averaged 1.3: I, ranging as high as 1.9 in the distal 
jet. Velocities in the deflected jet were also different from 
those of the free and wall jets and intermediate between 
them (p < 0.00(2). They were close to the free jet values 
near the origin and to the wall jet values downstream. 
Velocity variability. The average variability for 10 re-
peated velocity measurements was 3.4% of the mean value 
(reflecting potential contributions of turbulent fluctuations 
and the measurement process). Interobserver variability for 
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velocity measurement was 3.2% of the mean and intraob-
server variability was 2.9% of the mean. 
Discussion 
Physical factors affecting jet size. The volume of regur-
gitant flow is the most direct measure of the severity of 
regurgitant lesions. The lack of uniform success in correlat-
ing Doppler color flow jet areas with regurgitant volume has 
been correctly attributed to variations in jet size due to 
factors other than flow rate, such as driving pressure, 
CAPE ET AL. 1099 
SOLID BOUNDARIES ALTER REGURGITANT JET SIZE 
Figure 7 (left). Effect of an angulated 
wall. Upper panel, Doppler color flow 
image of a free jet emerging from 0.02 
cm2 circular orifice (2.9 mils flow rate) 
and expanding symmetrically within 
the flow chamber. Lower panel, When 
a Lucite plate has been moved up to 
the orifice at an angle of 30° to the 
perpendicular, the jet is deflected 
toward the plate and is narrower in this 
long-axis view cutting across the plate, 
which is at the right margin of the jet in 
this figure. 
Figure 8 (right). Clinical examples. 
Upper panel, Teardrop-shaped expand-
ing free jet of tricuspid regurgitation 
seen in an apical four chamber view. 
Lower panel, Narrower eccentric jet of 
tricuspid regurgitation traveling along 
the septal leaflet of the valve and the 
atrial septum. LA = left atrium; LV = 
left ventricle; RA = right atrium; RV = 
right ventricle. 
two-dimensional viewing of three-dimensional jets and ultra-
sound machine settings (5,6,8-13,25-27). Although maximal 
jet size (5), in principle, could be corrected for driving 
pressure (estimated by continuous wave Doppler ultra-
sound) and for the threshold velocity for display (digitally 
extracted from the flow map [8]), it is important to determine 
whether other physical factors related to the jet environment 
can also significantly affect jet size as imaged by Doppler 
color flow imaging. 
A consideration of the fundamental physics of turbulent 
jets led us to the hypothesis that the interaction of a jet with 
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adjacent solid boundaries can cause color jet size to vary for 
a constant degree of regurgitation. Clinical images of mitral 
regurgitant jets directed straight into the left atrium suggest 
free jet behavior. Eccentrically directed mitral regurgitant 
jets and many aortic regurgitant jets, however, often curve 
and attach to cardiac structures or emerge directly along 
them. Varying jet geometries analogous to these cases were 
therefore studied. By holding the degree of regurgitation 
constant, as well as the driving pressure and ultrasound 
machine settings, the effect of adjacent solid boundaries 
could be isolated. It was found that by altering the relation of 
the jet to adjacent walls in ways that could alter its entrain-
ment properties (through proximal deflection or the presence 
of a wall), imaged jet size could be significantly varied. 
These findings, for example, could help explain those of 
Vandenberg et al. (7), who found in prosthetic valves that 
eccentric paravalvular leaks had smaller imaged jet areas 
than did central trans valvular leaks for the same regurgitant 
flow rate and driving pressure. The data are also consistent 
with clinical observations (28) that eccentric wall jets appear 
smaller than free jets. 
Deflected jets. As regurgitant flow emerges from an ori-
fice near a wall, it rapidly entrains fluid between the jet and 
the wall; because velocity increases in that region, pressure 
decreases causing the jet to curve toward the wall and attach 
to it (the Coanda effect) (18-20). The fluid can therefore be 
viewed as responding to a venturi-like pressure (the "en-
trainment appetite" of the jet [18]). Because the laterally 
moving deflected particles also have axial velocity, they are 
displayed on the color flow map, increasing jet area in the 
vertical view. The axial velocity decay of these jets is 
intermediate between that of free and wall jets; as growth of 
the distal jet becomes limited by the wall, its velocities 
coincide better with those of a wall jet. 
Wall jets. The most dramatic effect observed was the 
decrease in wall jet area in the vertical view most commonly 
used to image such jets in vivo. It has several potential 
explanations: 1) inability of the jet to entrain fluid (and 
therefore grow) on one side (Fig. 1); 2) attachment of the jet 
to the wall (the Coanda effect), with a spray effect causing 
lateral expansion over the surface of the wall as opposed to 
circumferential growth; and 3) loss of momentum to the wall. 
If loss of momentum was predominant, we would expect 
axial velocity to decay more rapidly along the length of the 
jet for a wall jet compared with a free jet; however, the 
opposite was observed, with wall jet velocities being consis-
tently and significantly higher than those of free jets. This 
can be explained in part by decreased entrainment; because 
the momentum of the jet at the orifice is transferred to a 
smaller mass, the downstream velocity will be greater. 
Another reason that wall jet velocities are higher is that free 
jets dissipate energy by turbulent interaction with adjacent 
fluid on all sides, whereas wall jets interact in this manner 
only on their free side. Although they lose energy to the wall 
by friction, such losses are generally lower than turbulent 
losses in the free fluid; therefore, wall jets lose less kinetic 
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energy than free jets and maintain higher velocities (23). 
(Frictional interactions with walls are relatively small for 
turbulent flow. Its high Reynolds number, which is the ratio 
of inertial to viscous forces, implies that viscous or frictional 
forces are low relative to inertial or kinetic ones [18].) Loss 
of axial momentum does not appear to be the dominant 
factor because, by the study design, the jet does not hit a 
wall interposed along its axial course, but runs parallel to a 
wall. In vivo, however, it is conceivable that rougher walls 
could increase frictional losses and decrease wall jet veloc-
ities to lower than those of a free jet; this would make the jet 
even smaller in the vertical view. 
The increased lateral spread of the wall jets (increased 
area in the horizontal plane) is similar to that observed by 
Sforza and Herbst (23). This can be understood because jet 
particles, in addition to their axial velocities, have smaller 
velocity components directed radially outward from the 
center of the jet (21). The reSUlting radial motion will be 
impeded by the wall, forcing the incompressible fluid out-
ward in the transverse direction. As flow rate increases, 
however, the axial momentum of the jet increases, carrying 
particles farther from the orifice before they can spread as 
far laterally, so that this effect becomes relatively smaller. 
The deflected jet has no such constraint in the horizontal 
plane at the level of the orifice and therefore its area in that 
plane is not so affected. (Although this flat horizontal view is 
generally unavailable in the curved cardiac chambers, in-
creased lateral spread may also be appreciated in short-axis 
views [29]; however, the Doppler beam in that orientation is 
relatively perpendicular to the major axial component of 
flow, so the perception of jet extent is different from that in 
long-axis views with the beam parallel to the jet axis.) 
The model. The main conclusion of this study is that 
adjacent solid boundaries alter the size of regurgitant jets 
seen by Doppler flow mapping. Several potential factors 
affect whether this is likely to hold in vivo as well: 1) The 
cardiac walls involved may be irregular, curved, rough and 
elastic. Irregularities of the wall could, in principle, cause 
loss of axial momentum to impinging structures interposed 
into the path of flow. Such wall jets would continue to be 
smaller in the vertical view than corresponding free jets, 
reinforcing the conclusions of this study. Simple curvature 
of the wall (for example, the left atrial posterior wall) along 
the axial course of the jet should only exert a restraining 
force perpendicular to the velocity vector (which is always 
tangent to the curve) and therefore does no work on the jet 
and causes no energy loss (30). Side to side curvature of the 
wall in a direction perpendicular to flow may affect the shape 
of the lateral spreading observed and will eliminate the 
horizontal view obtained with the flat wall in this model. 
Roughness of the walls would also cause kinetic energy 
losses and a magnification of the effect on wall jet size. 
Elasticity should affect wall and free jets equally by transfer 
of kinetic energy into chamber pressure, causing the wall to 
expand. 
2) This study was designed to examine the effects of walls 
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parallel to flow without the confounding influence of restrict-
ing distal chamber walls perpendicular to flow. Such imping-
ing walls should limit the size of both wall and free jets and 
cause low velocity swirling for sufficiently long jets of both 
types (8,13). (Walljets of sufficient momentum may continue 
to travel around a spherical chamber, maintaining velocities 
tangential to the wall at each point. However, they will still 
be narrower, with smaller areas in the vertical view, than 
comparable free jets in the region between the orifice and the 
distal wall.) 
3) Although orifice shape may not always be circular, 
identical downstream velocity profiles in the fully developed 
turbulent jet have been obtained with a wide variety of 
orifice shapes (23,24) because turbulent eddies obliterate the 
details of orifice shape (18). 4) Wall jets may emerge along 
structures parallel to the direction of orifice flow or at some 
angle to it. As long as the jet travels along the wall, however, 
its area in the vertical view will be smaller than that of a 
comparable free jet (19), as illustrated by the example shown 
in Figure 7, in which an initially free jet was imaged at steady 
flow (upper panel). A Lucite plate was moved toward the 
orifice, which consisted of a tube protruding from the 
surrounding wall so that it could not be blocked by the plate. 
As the plate approached the orifice, the jet was deflected 
toward it (the Coanda effect) and dramatically decreased in 
area in the long-axis view of the jet imaged (Fig. 7, lower 
panel). This plate, for example, might represent the posterior 
mitral leaflet lying adjacent to a mitral regurgitant orifice. 5) 
The steady flow model demonstrates fully developed jet 
shape; in pulsatile flow, however, intermediate shapes may 
initially be present and the steady flow configuration may not 
have time to develop fully. For example, as the lucite plate 
was moved toward the orifice in Figure 7, successive video 
frames showed intermediate configurations culminating in 
the fully developed wall jet. Nevertheless, throughout this 
process, jet shape and size were altered by the adjacent 
surface. 
Therefore, the basic conclusion that solid boundaries 
alter jet size should pertain in vivo as well. This is supported 
by preliminary reports in patients and in an in vivo model 
(28,29), which these in vitro studies help explain. They also 
explain the clinical observation that central jets expand 
symmetrically, whereas eccentric jets can appear as rela-
tively thin layers along the walls to which they attach (Fig. 
8). However, the use of a fixed factor relating the size of wall 
and free jets is precluded by potential phasic changes in the 
relation of the jet to the wall in pulsatile flow and by the 
differences in flow fields between jets with the wall parallel 
to the initial jet vector and those with the wall angulated 
relative to it (Fig. 4 and 7) (19). In addition, whether 
deflection (the Coanda effect) occurs at all relates not only to 
geometric factors, but also to dynamic ones causing entrain-
ment of jets to walls (31). 
Conclusions. Jets expand differently in different receiving 
chamber environments. In the views perpendicular to walls 
most commonly used in vivo to image jets near such walls, a 
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wall jet will appear smaller than a free jet produced by the 
same regurgitant flow rate and driving pressure. These 
effects might be expected to be even greater in vivo, where 
wall jets could lose energy to walls that are rougher and 
impinge on the axial course of the jet. The clinical impact of 
these findings is highlighted by the observation in a recent 
series (28) of wall and impinging jets in roughly 30% of 
patients with a regurgitant lesion. The effect described could 
potentially cause a clinically important underestimation of 
the severity of regurgitant lesions producing eccentric wall 
jets based on jet size, which remains currently employed as 
at least a semiquantitative marker of severity because of its 
visual simplicity and correlation with the momentum of a 
free jet (26,27). Therefore, these results emphasize that the 
degree of regurgitation cannot be predicted from jet size 
without considering jet geometry and the presence of adja-
cent cardiac structures. 
We thank Pete Noel and Greg Goolsby for their skill in constructing the flow 
model, as well as Sheila McGinty, Marie Keem and Sharon Tramer for their 
expert secretarial assistance. 
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